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CHAPTER THREE 
 
 
METHODOLOGY 
 
 
3.1 INTRODUCTION  
This chapter presents the explanation of the adopted methods in this study to 
enhance the performance of the combined cycle power plant. The thermal analysis 
models based on the first law of thermodynamic of combined cycle power plant 
presented, and that includes the core components of the plant. The components are the 
gas turbine, steam turbine and the heat recovery steam generator (HRSG). Also, the 
single-effect absorption chiller LiBr-water cooling system, which used to cool inlet air 
of the gas turbine. All these thermodynamic models are based on the first law of 
thermodynamics as we mentioned above. The CCPP thermodynamic model developed 
for evaluating the performance of the combined cycle. Moreover, its modifications 
(performance enhancing strategy) for one parameter which is the compressor inlet air 
temperature cooling system. The model of single effect absorption chiller developed for 
evaluating the coefficient of performance (COP). 
 
3.2 POWER PLANT DESCRIPTION  
 
The combined cycle power plant which was studied as we mentioned in chapter 
one located in the subtropical region in a middle east. The power plant consists of three 
gas turbines, three heat recovery steam generator, and one Steam turbine. The gas 
turbines work with natural gas and the rated power of (177.95 MW) for each one, and 
the total power output all gas turbines are (533.85 MW). The steam turbine produced 
power (343.60 MW), and the overall power output of the combined cycle power plant is 
(877.45 MW). 
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3.3 STRATEGY OF WORK FRAME 
 
 The flowchart of the strategy framework for performance enhancing strategy 
combined cycle power plant (CCPP) for the present study described in Figure 3.1. It 
shows the thermal analysis for the model and actual data of CCPP. According to this 
framework, the results are clarified in a logical manner. The outcomes of this 
framework strategy summarized in the conclusions and recommendations of future 
studies. 
 
 
Figure 3.1: Strategy of the work frame for the current research methodology 
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3.4 THERMODYNAMIC APPROACH ON THE COMBINED CYCLE 
 
The thermodynamic analysis of CCPP in this chapter is a brief outline of the 
generalized the output power, efficiency, and its characteristics. The air-standard 
Brayton cycle and the Rankine cycle are assumed for the analysis of the thermodynamic 
processes. That Brayton cycle consists of a gas turbine, and the Rankine cycle includes 
a steam turbine and a heat recovery steam generator (Adrian Tica, 2012). 
 
3.4.1 IDEAL BRAYTON CYCLE 
  
 The Brayton cycle is a thermodynamic cycle that defines the working of a 
constant pressure of heat engine. Although the Brayton cycle is commonly run as an 
open system and indeed must be run as such if internal combustion used (Alok Ku, 
2014). The gas turbine in combined cycles operates using the thermodynamic principles 
of the Brayton cycle. The ideal cycle of the Brayton cycle operates on four internally 
reversible processes. Figure 3.2 shows a graphical representation of the four 
thermodynamic states of the Brayton cycle on (P – V) and (T – S) diagrams (Matthew, 
2011). 
 
 
 
Figure 3.2: Thermodynamic states of the Brayton cycle (Brayton Energy, n.d.). 
